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Abstract

Background: The active surveillance of students is proposed as an effective strategy to contain SARS-CoV-2 spread
and prevent schools' closure. Saliva for molecular testing is as sensitive as naso-pharyngeal swab (NPS), self-collected
and well accepted by participants. This prospective study aimed to verify whether the active surveillance of the Padua
University employees by molecular testing of self-collected saliva is an effective and affordable strategy for limiting
SARS-CoV-2 spread.

Methods: A surveillance program based on self-collection of saliva every 2 weeks (October 2020-June 2021) was
conducted. Among 8183 employees of the Padua University, a total of 6284 subjects voluntarily took part in the pro-
gram. Eight collection points guaranteed the daily distribution and collection of barcoded salivary collection devices,
which were delivered to the laboratory by a transport service for molecular testing. Quarantine of positive cases and
contact tracing were promptly activated.

Results: Among 6284 subjects, 206 individuals were SARS-CoV-2 positive (99 by salivary testing; 107 by NPS per-
formed for contact tracing or symptoms). The cumulative SARS-CoV-2 incidence in this cohort was 3.1%, significantly
lower than that of employees not in surveillance (8.0%), in Padua (7.1%) and in the Veneto region (7.2%). Employees
with positive saliva results were asymptomatic or had mild symptoms. The levels of serum antibodies after 3 months
from the infection were correlated with age and Ct values, being higher in older subjects with greater viral loads.

Conclusions: Salivary-based surveillance with contact tracing effectively allowed to limit SARS-CoV-2 contagion, also
in a population with a high incidence.
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Background

SARS-CoV-2 vaccination is considered the most effec-
tive strategy for combatting the COVID-19 pandemic,
allowing countries to fully restart their activities without
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exactly how long vaccinations are protective against
COVID-19, or whether they protect individuals against
emerging variants [2]. Therefore, effective surveillance
and contact tracing policies are of crucial importance
in containing viral spread while allowing the opening of
social, educational, and productive activities [1]. The pas-
sive strategy of surveillance (i.e., testing of symptomatic
individuals and contact tracing of SARS-CoV-2-positive
subjects) [3] adopted in many parts of the world dur-
ing the first, second, and third waves of the pandemic is
frail, since it fails to trace asymptomatic and pre-sympto-
matic infected subjects, who may disseminate the infec-
tion as widely, if not more so, than symptomatic subjects
[4]. Active strategies designed to surveil large groups of
asymptomatic individuals have therefore been proposed
in order to limit contagion while allowing activities to be
opened up.

Effective, acceptable, and affordable programs should
be proposed for the active surveillance of large series of
subjects, such as school students, teachers, or employ-
ees of small-medium and large enterprises [5]. For an
effective strategy, the most accurate possible method
for SARS-CoV-2 detection should be chosen. Currently,
molecular testing of naso-pharyngeal swabs (NPS) is
recommended as the gold standard method, although
its sensitivity and specificity are not absolute [6, 7]. As
an alternative, in the case of limited resources and/or
the urgent clinical need for test results, rapid antigen
tests using nasal or NPS are feasible if their sensitivity is
higher than 80% and specificity higher than 97%, follow-
ing specific timing of repeated testing [8]. The enormous
variety of rapid antigen tests includes several lateral flow
immunochromatographic and a few immunofluorescent
assays. These tests overall appear to have a limited sensi-
tivity, especially when viral loads are not high (i.e., rRT-
PCR Ct values above 25) [9-13]. This limitation does not
support rapid antigen testing in active surveillance, and
the use of the gold standard NPS molecular testing in
large series calls for specific medical services and person-
nel trained in sample taking. Self-collected saliva-based
testing, which reduces costs by 25 to 30% in a context of
active surveillance [3, 14], is tolerated better than NPS,
thus maximizing compliance. Furthermore, saliva testing
using molecular methods, real-time reverse transcrip-
tion polymerase chain reaction (rRT-PCR) or quantita-
tive loop-mediated isothermal amplification (QLAMP),
is highly accurate: several studies, including those from
our group, have demonstrated a pooled sensitivity of 83
to 88% against a specificity approaching 99% [6, 7, 15, 16].
Self-collected saliva for SARS-CoV-2 molecular testing
might therefore be effective and acceptable for active sur-
veillance [17], pooled testing being a cost-effective strat-
egy for repeat and routine surveillance [3, 14], although
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it remains to be elucidated whether it is affordable. In
ascertaining affordability, it is important to include all
steps of the total testing process, namely (1) the pre-
analytical phase, which includes scheduling, sampling,
and transport to the laboratory; (2) the analytical labora-
tory phase, which includes sample preparation, nucleic
acid extraction, and rRT-PCR; and (3) the post-analytical
phase, which includes the validation of analytical results,
their communication, and further action (contact tracing
of positive cases). Last, but not least, a careful consid-
eration should be made as to whether or not the active
screening strategy is cost-effective.

The aim of the present prospective study was to ver-
ify whether the active surveillance of Padua University
employees by molecular testing of self-collected saliva is
effective, acceptable, and affordable for limiting SARS-
CoV-2 spread.

Methods

Study design and participants

This prospective study, conducted from October 8, 2020,
to June 30, 2021, was based on saliva molecular test-
ing performed every 3 weeks for SARS-CoV-2 surveil-
lance of the employees of the University of Padua, who
participated on a voluntary basis. The time interval for
repeated testing was shortened to 2 weeks in November
2020 due to the increasing incidence of the infection in
our geographic area, the Veneto region. This time inter-
val was then maintained until the end of the study period.
Figure 1 shows the study workflow. In September 2020,
the University of Padua employees were invited to par-
ticipate in the study by announcement and personal
e-mail invitation. The invited employees included the fol-
lowing categories: full, associate, and adjunct professors;
researchers; scholarship students; postdocs; PhD stu-
dents; office workers; and technicians. Employees in the
medical sector (n=2552) were not invited because they
participated in the surveillance program of the University
Hospital of Padua based on regular NPS molecular test-
ing according to the National regulation. Temporary staff
members offering their services to the University (e.g.,
receptionists, part-time tutors) were also invited. For par-
ticipants, a video tutorial providing instructions for saliva
collection, sample delivery and report downloading, and
FAQ were prepared and published on the University web-
site. All participants were assigned collection days, which
were spread 3 weeks apart from each other. This resulted
in about 400 people being tested per day. The University
identified eight collection points where, the day before
sampling, all employees were given Salivette devices
(Sarstedt AG & Co, Germany), each with its barcode and
individual code for access to the test result, which could
be downloaded from the Laboratory website. On the
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Fig. 1 Active surveillance program: study design and workflow
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sampling day, between 8 and 10 am, employees returned
the Salivette in dedicated safety boxes to the same point.
Boxes were then collected by a transport service (Plurima
S.p.A., Milano, Italy) for transportation to the laboratory.

Sample collection and analysis

Saliva, collected using a standardized procedure by a bar-
coded Salivette, was obtained after centrifugation at 4000
g x 5 min. Pairs of two salivary samples were pooled
using 100 pl of each sample. The 200-pul pool was added
with 100 ul MagNA Pure 96 External lysis buffer (Roche
Diagnostics, USA) using the liquid handler MagNA Star-
let (Hamilton, Switzerland). Nucleic acid was extracted
by automated Magna Pure 96 Instrument (Roche Diag-
nostics), with complete informatic sample tracing. rRT-
PCR of Orflab, N, and S SARS-CoV-2 genes was made
using the TaqPath COVID-19 RT-PCR kit on QuantS-
tudio 5 instruments (Thermo Fisher, USA). In the case
of any positive saliva pool result, the two individual
saliva samples were immediately analyzed singly. Turn-
around-time ranged from 12 to 24 h, samples being clas-
sified as positive when at least two analyzed genes gave
a positive amplification curve, with a cycle threshold
(Ct) value of less than 36. The laboratory medical staff
promptly communicated all positive results to the Pre-
ventive Medicine and to the Environment and Safety
office. The Preventive Medicine occupational physician

immediately contacted all positive subjects by phone
and invited them to undergo molecular NPS to confirm
the finding. The same occupational physician activated
contact tracing and quarantine policies for individuals
who came into contact with the confirmed SARS-CoV-
2-positive person. All SARS-CoV-2-positive University of
Padua employees, whether or not under the surveillance
program, were invited after 3 and 6 months from infec-
tion to undergo antibody testing. In the 3 to 6-month
time frame, the vaccination campaign of the University
of Padua was launched and 37/65 subjects enrolled at
6 months received one dose of Astra Zeneca — Oxford
University ChAdOx1/AZD1222 and 17/65, one dose of
PfizerBiontech BNT162b2 vaccine. Serum anti-SARS-
CoV-2 antibodies were measured by chemiluminescent
immunoassay (CLIA), which identified IgG anti-RDB
(Snibe Diagnostics, New Industries Biomedical Engi-
neering Co., Shenzhen, China) on the automated plat-
form MAGLUMI" 2000 Plus (Snibe Diagnostics) [18].

Population-related epidemiological data were retrieved
from the Italian database (https://mappe.protezioneciv-
ile.gov.it/it/mappe-emergenze/mappe-coronavirus/situa
zione-desktop).

Statistical analysis
The statistical analysis included all data collected from
8 October 2020 to 13 May 2021. Two-sample Wilcoxon
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rank-sum test, multiple linear regression analysis, chi-
square test, and the Wilcoxon matched-pairs signed rank
test were performed using Stata software 13.1 (Stata-
Corp, 4905 Lakeway Drive, College Station, TX, 77845
USA).

Results

Participation and compliance to the study program

In September 2020, a total of 8183 subjects, including
6764 employees and 1419 temporary staff members of
the University of Padua, were invited to participate to the
study (Fig. 2). In the period October—November 2020,

5580/8183 subjects (68%) started the program provid-
ing the first salivary sample (Table 1). In December 2020,
only 25 subjects were newly enrolled. In order to further
increase the percentage of employees under surveillance,
a second invitation was launched in January 2021 leading
to 556 new subjects starting the program between Janu-
ary and March 2021. Only a small number of employees
(n=123) provided their first salivary sample at the end
of the study in April-May 2021. The mean number of
employees who participated in the study every month
from October 2020 to May 2021 was 4790, ranging from

Table 1 Number of new subjects entering the surveillance program from October 2020 to May 2021

Month New subjects entering the Gender (number) Age (meanzstandard deviation)
surveillance program (number)
Female Male Total Female Male

October 2020 4101 2117 1984 44£12.032 43£11.524 44412.54
November 2020 1479 737 742 40+£13.04 3941264 40+£13.38
December 2020 25 10 15 474£14.61 41£14.55 50+13.84
January 2021 23 7 16 3941341 36£11.16 411427
February 2021 240 112 128 38+12.19 37£11.57 3941271
March 2021 293 170 123 3613 34+11.30 39+14.68
April 2021 110 31 79 451241 441440 46£11.58
May 2021 13 8 5 3241197 29410.08 3741433
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Table 2 Number of repeated tests that employees underwent
during an active surveillance program

Repeated tests (number) Employees

(number)

259
297
255
372
285
140
199
273
396
745
988
1811
262
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a minimum of 3965 subjects in May 2021 to a maximum
of 5447 in November 2020.

As illustrated in Fig. 2, two cohorts of subjects were
identified: employees under surveillance and employees
not in surveillance. The employees under surveillance
included the subjects who participated in the study, 5605
subjects from October to December 2020 and 6284 sub-
jects from January to May 2021. The employees not in
surveillance included the remaining University perma-
nent staff which clinical status was traced by the Preven-
tive Medicine of the University of Padua, 2047 subjects
from October to December 2020 and 1368 subjects from
January to May 2021.

Table 2 shows the number of repeated tests (range,
1-15) that employees underwent.

We considered as compliant those subjects that
repeated testing at least 9 times, which takes into consid-
eration the following: (1) At the beginning of the study,
in October 2020, a 3-week interval was planned and
changed to 2 weeks in mid-November 2020; (2) during
Christmas and Easter holidays, monitoring was stopped;
(3) an expected reduction of testing in May 2021, due to
ending of teaching activities at the University associated
with very low incidence in the general population. In the
majority of cases (4204/6284, 67%) the enrolled subjects
demonstrated a high level of compliance, undergoing at
least nine replicated salivary tests, thus completing all
required testing rounds. Few subjects underwent three or
fewer tests (811/6284, 13%).
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Fig. 3 Weekly incidence of positive salivary results against the overall
number of tested samples

Salivary molecular testing: results and actions

Every week 1778 £ 374 (mean =+ standard deviation) sali-
vary samples were analyzed, for a total of 55,998 samples
received from October 2020 to May 2021. Among them,
1415 (2.5%) were rejected because of incorrect use of the
salivette device (n=578), incorrect labeling (#=836), or
insufficient volume (n=1).

Figure 3 reports the weekly incidence of positive sali-
vary results against the overall number of tested sam-
ples. The incidence, which peaked in November 2020,
progressively declined until January, to increase again in
March 2021. As from mid-May, until the end of the study
period, no more positive cases were identified.

SARS-CoV-2 infection was diagnosed by saliva test-
ing in an overall number of 99 subjects, three of whom
remained positive for more than 2 weeks; this resulted
in an overall number of 102 positive saliva test results.
All subjects with positive salivary SARS-CoV-2 results
underwent NPS molecular testing within 24 h from saliva
sampling, positivity being confirmed in 94/99 cases. Two
of the five subjects with negative NPS findings developed
typical COVID-19 symptoms (fever and anosmia, respec-
tively). SARS-CoV-2 infection was identified in an addi-
tional 107 surveilled employees who underwent NPS for
contact tracing (n=1) or because of symptoms (1#=106).
Thirteen of these 107 SARS-CoV-2-positive subjects
started salivary-based surveillance after a positive NPS
result. For the remaining 94 subjects, the time interval
between the last salivary test and the positive NPS result
(Fig. 4) was 17 £ 22 days (mean =+ standard deviation)
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Fig. 4 Time interval between negative salivary test and SARS-CoV-2
detection by NPS, because of symptoms or contact tracing occurred
among employees under surveillance

with a median of 17 days (interquartile range (IQR) 8—19
days). This time interval was significantly different from
that (i.e., the time lapse between a positive saliva result
and a previous negative saliva result) recorded in the
group of 99 positive subjects identified with salivary test-
ing (16 + 10 days, mean + standard deviation; median 16
days; IQR: 14-20 days) (two-sample Wilcoxon rank-sum
test: z = 2.389, p = 0.017). In the vast majority (79/94,
84%) of subjects positive at NPS undertaken for symp-
tom onset after a negative salivary test, the time lapse
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between salivary and NPS testing was longer than 6 days.
Moreover, a significant difference was found between the
overall number of repeated saliva tests made by SARS-
CoV-2-positive subjects identified by salivary test (mean
+ standard deviation = 8 + 4; median=9; IQR = 5-11)
and those identified by NPS (mean =+ standard deviation
=7 £ 4; median = 8; IQR = 4-10) (chi-squared = 7.134,
p = 0.0076). SARS-CoV-2-positive subjects were not
excluded from surveillance, but allowed to participate
after the end of quarantine and negative NPS molecular
testing.

Saliva test results were classified as positive if at least
two out of the three genes evaluated (Orflab, N, and S)
were positive. Orflab and N were both positive in all
99 positive cases, while the S gene was positive in 72/99
positive cases. The frequency of positive samples without
the S gene signal was low in 2020 but increased exponen-
tially as from February 2021 to reach 100% in April 2021
(Fig. 5). As communicated by Thermo Fisher on 1 Febru-
ary 2021, the TagPath COVID-19 test will result in S gene
dropout in samples with a variant carrying the 69-70del
mutation [19].

SARS-CoV-2 incidence in surveilled and non-surveilled
employees

The weekly incidence of SARS-CoV-2-positive cases
observed in the two cohorts of employees, under sur-
veillance or not, was compared with the population inci-
dence for the Veneto region and the district of Padua;
the results are shown in Fig. 6. The cumulative frequency
of positive cases among employees under surveillance
(3.1%) was significantly lower than in non-surveilled

Frequency of positive samples without gene S signal in saliva

1004

Positive results with
absence of S gene signal (%)
N
o
1

N
< (3 & S
O $ g W

2020

Fig. 5 Frequency of positive samples without the S gene signal during the active surveillance program

> &
& ¥

SIS
& 3 ?’Q«

N

2021




Basso et al. BMC Medicine (2022) 20:96

Page 7 of 12

Positive cases %o

SARS-CoV-2 week incidence

O S
& N
N} Y

UNIPD employees
under salivary

UNIPD employees
not under salivary

CUMULATIVE SARS-CoV-2 INCIDENCE
October 2020 -May 2021

surveillance surveillance
(UNIPD Surv) (UNIPD Not Surv)
3.1% 8.0% 7.2% 7.1%
STATISTICAL ANALYSIS

Comparison Chi-square p-value
UNIPD Surv vs UNIPD Not Surv 57.646 p<0.0001
UNIPD Surv vs VENETO 156.018 p<0.0001
UNIPD Surv vs PADUA 154.351 p<0.0001
UNIPD Not Surv vs VENETO 1.078 p=0.299
UNIPD Not Surv vs PADUA 1.138 p=0.286
VENETO vs PADUA 0.589 p=0.443
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(under surveillance or not) was shown in comparison with the population incidence for the Veneto region and the district of Padua

<X
': O
S ¥

N N

Veneto Region Padua district

employees (8.0%) in the Padua district (7.1%; 933,700
inhabitants) and in the surrounding Veneto region (7.2%;
4,879,133 inhabitants).

Among the series of SARS-CoV-2-positive employees,
which included only one subject requiring hospitaliza-
tion, the clinical symptoms were recorded from 162 sub-
jects by phone interviews. The occupational physician
asked participants whether or not they had symptoms
immediately before, or soon after, salivary or a positive
NPS result. Eighty-four cases were in the series identi-
fied by salivary testing and 78 by NPS. The frequency of
symptoms, and the statistical analysis of data, is reported
in Table 3. The vast majority of SARS-CoV-2 subjects
identified by positive saliva test results were asympto-
matic or presented few, mild symptoms. Fever, ageusia,

and gastrointestinal symptoms were more frequently
recorded among positive subjects identified by NPS.

Antibody testing: response to disease and to vaccines

Those employees who had SARS-CoV-2 infection in
the period October—-December 2020, whether under
surveillance or not, were asked to perform antibody
testing after 3 and 6 months from the diagnosis. At
3 months (January—March 2021), 104 subjects were
enrolled. Of these, 65 performed antibody testing also
at 6 months. At 3 months, none of the 104 enrolled
subjects was vaccinated, while part of them received
one vaccine dose in the time frame April-June 2021,
by giving their adhesion to the vaccination campaign
of the University of Padua. Among the 65 subjects who
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Table 3 Frequency of symptoms referred by SARS-CoV-2-
positive employees of the University of Padua. Positive subjects
comprised 84 individuals identified by surveillance salivary
testing and 78 individuals who directly underwent NPS for
suspected clinical manifestations

Saliva-based  NPS-based Chi-square p-value

diagnosis diagnosis

(n=84) (n:78)
Fever 26 (31%) 45 (58%) 11.7465 p=0.001
Anosmia 12 (14%) 15 (19%) 0.7121 p=0399
Ageusia 7 (8%) 15 (19%) 4.0925 p=0.043
Asthenia 20 (24%) 25 (32%) 1.3694 p=0242
Cough 17 (20%) 21 (27%) 1.0067 p=0316
Headache 11 (13%) 17 (22%) 21411 p=0.143
Gastro- 0 4 (5%) 44167 p=0.036
intestinal
symptoms
Arthralgia 5 (6%) 9 (12%) 1.5985 p=0.206
Myalgia 8 (10%) 13 (17%) 1.8289 p=0.176
Dyspnea 2 (2%) 2 (3%) 0.0056 p=0.940
Rhinitis 24 (29%) 21 (27%) 0.0548 p=0815
Sore throat 12 (15%) 11 (14%) 0.0092 p=0924

performed antibody testing at 6 months, 11 remained
not vaccinated, 37 received Chadox1/AZD1222, and
the remaining 17 had BNT162b2. Three months after
diagnosis of infection, antibody levels ranged from
0.1 to 376 kBAU/L with a median of 16 and an IQR
of 7-29 kBAU/L. Figure 7 shows the paired titer vari-
ations at 3 and 6 months in unvaccinated subjects, in
Chadox1/AZD1222, and in BNT162b2-vaccinated sub-
jects. A significant decline in unvaccinated (p=0.0029)
and a significant increase in Chadox1/AZD1222 and
BNT162b2-vaccinated subjects (p<0.0001) was found
(Wilcoxon matched-pairs signed rank test).
Multivariate regression analyses were performed con-
sidering antibody titers at 3 and 6 months as dependent
variables. At 3 months, age, gender, presence or absence
of symptoms, and Orflab Ct values at diagnosis were
included as predictor variables (Table 4). At 6 months,
age, gender, antibody titers at 3 months, and type of vac-
cine were included among predictors (Table 5).
Infection-induced antibody levels (3 ~months)
were dependent on age and Orflab Ct values, while
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vaccination-induced antibody levels (6 months) were
dependent on previous antibody levels and vaccine type.

Discussion

The vaccination campaign brought about a significant
improvement in the containment of the SARS-CoV-2
pandemic, with a dramatic limitation in the number of
hospitalizations during the fourth wave. Despite the high
percentage of people that have been, or soon will be, vac-
cinated, millions of individuals still have no SARS-CoV-2
protection immunity, and are therefore vulnerable. In the
near future, a parallel strategy based on large-scale vaccina-
tion on the one hand and SARS-CoV-2 testing and contact
tracing on the other will probably be the key to containing
viral diffusion while reopening all productive and educa-
tion activities, also in view of the potential vaccine escape
of emerging variants [20]. The findings made in the pre-
sent large cohort prospective study demonstrate that sali-
vary-based surveillance with contact tracing is an effective
measure that limits the spread of infection, also in a popu-
lation with a high incidence of the disease.

The study, started in October 2020, involved Univer-
sity of Padua employees. A large number of subjects took
part in the program and, importantly, numerous subjects
completed the 9-months periodic surveillance period. This
high compliance may have been underpinned by effective
communication from the University to its employees, by
the overall consciousness that individual and population
health are strictly dependent on each other, by individ-
ual fear and, last but not least, by the user-friendly, non-
invasive nature of sampling saliva, the preferred fluid for
COVID-19 diagnostics among healthcare workers [21].
We chose saliva molecular testing as an alternative to NPS,
first because of its high sensitivity and specificity, com-
parable to those of NPS [7, 22], and second because its
collection is easy to achieve, and well tolerated [21]. The
different saliva collection methods proposed include gen-
eral spitting and drooling, but these options might impact
on results, spit reportedly being correlated with a lower
sensitivity [6, 22]. In our study, samples were collected in
standardized conditions after overnight fasting without
tooth cleaning, and by means of a standardized device
previously demonstrated by us and others to allow sensi-
tive and reproducible results without incurring the risk of
unsuitable samples [16, 23-25].

(See figure on next page.)

Fig. 7 Variations of serum antibody titres (anti-RBD IgG) at 3 and 6 months after SARS-CoV-2 infection. The upper panel shows the results of
subjects who remained unvaccinated. The middle and lower panels show the results obtained from subjects that received Chadox1/AZD1222 or
BNT162b2 vaccine respectively. Post-infection antibody levels are those found after 3 months from SARS-CoV-2 infection. Post-vaccine antibody
levels are those found after 6 months from SARS-CoV-2 infection and 3 months after vaccination
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Table 4 Serum antibody at 3 months after SARS-CoV-2 diagnosis was correlated with age. Multiple linear regression analysis was
performed considering serum antibody titers at 3 months after SARS-CoV-2 diagnosis as a dependent variable. Predictors entered in
the analysis were: age, gender, presence or absence of symptoms, and Orflab Ct values at diagnosis

Coefficient Standard error t P 95% confidence interval
Age 9.356 3113 301 0.005 3.049 to 15.663
Gender —112.246 82.533 —1.36 0.182 —279.4747 t0 54.982
Symptoms at diagnosis 110424 72.283 153 0.135 —36.03577 t0 256.883
Orf1ab Ct values at diagnosis —19.887 7.602 -2.62 0.013 —35.28907 to —4.484
Cons 380.219 298.291 127 0.210 —224.175t0 984.614

Table 5 Serum antibody at 6 months after SARS-CoV-2 diagnosis was correlated vaccine type. Multiple linear regression analysis was
performed considering serum antibody titers at 6 months after SARS-CoV-2 diagnosis as a dependent variable. Predictors entered in
the analysis were: age, gender, antibody titers at 3 months and type of vaccine

Coefficient Standard error t P 95% confidence interval
Age 21.844 17.821 1.23 0.226 —13.968 to0 57.656
Gender 334.568 414464 0.81 0423 —498.329t0 1167.465
Antibody titers at three months from 2311 0.789 293 0.005 0.726 t0 3.897
SARS-CoV-2 infection
Type of vaccine 3017.549 439.968 6.86 0.000 2133400 to 3901.697
Cons —3805.621 1131.542 —3.36 0.002 —6079.539 to —1531.702

The findings made in this prospective study confirm that
results obtained with molecular SARS-CoV-2 saliva test-
ing are comparable to those with NPS, 95% positive saliva
results being confirmed at NPS. The finding that five sub-
jects had positive saliva results, but negative NPS, which
was not unexpected, might reflect SARS-CoV-2 dynamics,
with a very early salivary presence, followed by salivary and
naso-pharyngeal mucosa co-presence, while 10 to 15 days
after infection, saliva is likely to become negative, NPS pos-
itivity persisting for longer periods [16, 26, 27]. The window
of saliva positive results might also explain our findings, in a
series of subjects under surveillance, of SARS-CoV-2 being
identified by NPS, not by saliva testing. The vast majority of
these subjects underwent NPS for suspect symptoms, the
onset of which occurred more than 1 week after the last,
negative saliva test result. Moreover, these subjects adhered
to the surveillance program less regularly than those iden-
tified by saliva testing. Overall, these results suggest that
a level of efficacy even higher than that obtained by us
could be reached when the salivary-based surveillance
program is planned once a week. However, the application
of such a schedule would not be affordable in view of the
high number of tests to be performed by laboratories and
related costs. These two limitations could be overcome by
adopting pooling saliva analysis, which was demonstrated
to be reliable in an elementary-to-high school real-world
scenario, with a 24 samples pool [14]. In our study, a pool-
ing strategy with a two samples pool was adopted, but this

approach could be implemented in the future with more
samples to expedite analyses. In this context, another strat-
egy to be considered is antigen testing by highly automated
laboratory platforms that combines high sensitivity, rapid
results, and lower costs in terms of both reagents and per-
sonnel with respect to molecular testing [16, 28].

To verify whether our surveillance protocol was effec-
tive in limiting SARS-CoV-2 diffusion among partici-
pants, incidence in the surveillance cohort was compared
with the incidence observed in a smaller cohort of
employees who did not participate in the surveillance
program, and with the incidence registered in the same
period in the district of Padua and in the wider Veneto
region. Although government databases might not be
completely accurate especially during pick periods, the
incidence among unsurveilled employees was equal
to that of the Padua district and Veneto region, which
were all more than twofold that recorded among sur-
veyed employees. This result clearly demonstrates that
saliva testing minimizes transmission in communities at
risk, enabling early identification and further isolation of
asymptomatic and pauci-symptomatic individuals, symp-
toms in the vast majority of subjects positive at saliva
testing being absent or only mild.

The strength of our surveillance program was related to
a highly organized collection program directly planned by
the IT service of the University of Padua, to local logistic
companies for sample transportation from the collection
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points to the laboratory, to pre-barcoded tubes, and to
complete automation of sample processing that allowed a
turn-around-time of less than 24 h. Moreover, the imme-
diate communication of positive results from the labora-
tory to the Department of Preventive Medicine allowed
a speedy process of isolation and contact tracing. We
estimated the overall cost of the program considering
in the computation all reagents and supply, logistic, and
personnel costs. The overall costs of the program (55,998
salivary tests from October 2020 to June 2021) were
674,080 Euro, i.e., 12 euro per individual, a cost very close
to the $12.5 reported by Mendoza et al. [14]. By adopting
a policy of test pools larger than that used in this study,
costs per test could be further reduced. It is important to
bear in mind that cost estimation must take into account
the financial saving incurred by reduced potential hospi-
talizations. Although it is somewhat difficult to estimate
how many potential diseases were prevented, certainly
the avoidance of any hospitalization allows a saving of
from 30,000 to 70,000 euro [14], but above all saves lives.

In March 2021, the University of Padua started the vac-
cination program for its employees using the Chadox1/
AZD1222 (Astra Zeneca) vaccine. On 11 March 2021,
after warnings concerning this vaccine lot, we proceeded
with BNT162b2 (Pfizer/BioNTech). We invited employees
found to have contracted SARS-CoV-2 to perform anti-
body testing after 3 and 6 months. After 3 months, 3/104
subjects had negative serology, titers being correlated
with age and Ct values, suggesting that a more advanced
age and a higher initial viral load favors a more pro-
nounced antibody production. Our finding of age-related
antibody response is in agreement with data reported by
Dorigatti et al. in their seroprevalence analysis conducted
in Vo’ [29]. After 6 months, titers significantly declined in
unvaccinated individuals this decline ranging from 26 to
72%. Vice versa, the significant increase found in antibody
titers in vaccinated subjects was independent of age, but
correlated with pre-vaccination levels of antibodies and
vaccine type [29]. This finding should be cautiously evalu-
ated and interpreted, since it does not necessarily mean
that BNT162b2 induces more protection than Chadox1/
AZD1222. We measured anti-RBD IgG with a validated
assay, the results of which are correlated with a neutral-
izing activity [17]. In the presence of similar neutraliz-
ing activities, different diagnostic systems used to detect
SARS-CoV-2 IgG might behave slightly differently [29,
30] and also might have a different sensitivity in detecting
antibodies induced by different vaccines.

Conclusions

In conclusion, our prospective surveillance study, per-
formed in Italy on a large cohort of subjects during the
second and third wave of the SARS-CoV-2 pandemic,
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reinforces the concept that large-scale saliva molecular
testing and contact tracing in high-risk communities,
such as schools and universities, maintains the SARS-
CoV-2 incidence at low levels at a sustainable cost.
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